Introduction
Among the enormous literature on theoretical explanations of aging the role of energy expenditure (EE) has received the most attention. For thousands of years, energy expenditure and metabolism have provided an understanding of how we function today, tomorrow, and eventually when we cease to function altogether. The study of EE and aging has been spurred along by the intriguing association between high rates of EE in short-lived mammals and low rates of EE in long-lived mammals. Some propose that EE per lifespan is fixed and abundant usage will accelerate aging (Rubner, 1908) . While many works have challenged and severely criticized the rate of living theory (Holloszy and Smith, 1986; Austad and Fischer, 1991) , EE and the biological processes that control the machinery are very much under intense study (Speakman, 2005) .
Energy expenditure has often been purported as a cause of aging without a complete understanding of changes in each of EE components with age. A thorough understanding of the agerelated changes in EE components will help to reveal the potential compensatory strategies that preserve lifespan. For example, it remains unclear why EE due to physical activity declines across all mammalian phylogenetic lines. Although many hypotheses on aging have involved in some manner the rates of metabolism, the debate on the role of altering EE for enhancing lifespan continues with new data in humans (Manini et al., 2006) . The results add new light to the role of EE in preserving average lifespan among older adults.
Because of rich literature on this topic, a review of ''Energy Expenditure and Aging'' certainly canot be performed in the space provided in this article. It is for this reason I have chosen to focus much of my efforts on energy expenditure and aging in humans. There are several reasons for this choice that include: (1) new data in humans that have begun to address questions regarding theoretical effects of aging and energy metabolism, (2) methods for assessment of energy expenditure in humans are precise and able to parcel total EE into its individual constituents, and (3) it has been several years since the previous review of this topic has been performed (Wilson and Morley, 2003) .
Total energy expenditure and aging
Total EE is comprised of four major components that include: resting metabolic rate, activity energy expenditure and energy due to the thermic effect of food (Fig. 1) . Resting metabolic rate (RMR) can be further divided into sleeping and arousal EE, where simple arousal is associated with a 10% increase in EE above that seen during sleeping (Ravussin et al., 1986) . Activity EE (AEE) is composed of EE due to volitional exercise (i.e. jogging, walking for exercise, etc.) and non-exercise activity thermogenesis (NEAT). NEAT is the energy expended from spontaneous physical activities that include non-volitional movements (i.e. fidgeting), but is often defined as any EE outside formal volitional exercise programs. The study of energy expenditure (EE) has deep roots in understanding aging and lifespan in all species. In humans, total EE decreases substantially in advanced age resulting from parallel changes in resting metabolic rate (RMR) and activity EE. For RMR, this reduction appears to be due to a reduction in organ mass and specific metabolic rates of individual tissues. However, these anatomical changes explain very little regarding the decline in activity EE, which is governed by both genetic and environmental sources. The biological control centers for activity EE are closely coupled with body mass fluctuations and seem to originate in the brain. Several candidate neuromodulators may be involved in the age-related reduction of activity EE that include: orexin, agouti-related proteins and dopaminergic pathways. Unfortunately, the existing body of research has primarily focused on how neuromodulators influence weight gain and only a few studies have been performed in aging models. Recent evidence suggests that activity EE has an important role in dictating lifespan and thus places emphasis on future research to uncover the underlying biological mechanisms. The study of EE continues to unlock clues to aging.
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